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Introduction

Metastatic breast cancer (MBC) remains an incurable disease. 

Therefore, improved survival duration and quality of life are the 

main aims of treatment [1]. Chemotherapy is the only treatment 

option available for the management of triple-negative (TN) dis-

ease in clinical practice. A variety of chemotherapy regimens can 

be used for the first-line treatment of TN breast cancer and single-

agent response rates range from 20 to 50% [2, 3]. However, most 

patients with TN breast cancer receive neoadjuvant or adjuvant 

therapy with an anthracycline and/or a taxane combination. Re-

challenge with a taxane is possible if the disease-free interval has 

been of sufficient duration (usually >12 months) [4, 5].

One important consideration when choosing an appropriate 

therapy for TN MBC is that patients are often very frail, meaning 

that less intensive and personalized therapies are required. Metro-

nomic chemotherapy is a dosing schedule strategy that includes 

frequent, even daily, administration of chemotherapeutics at doses 

significantly below the maximum tolerated dose, without any 

planned prolonged drug-free breaks [6, 7]. This approach signifi-

cantly reduces toxicities and the need for growth factor support to 

accelerate recovery from myelosuppression. The metronomic 

combination of capecitabine, vinorelbine, and cyclophosphamide 

(VEX regimen) was recently investigated in a phase II trial of pa-

tients with endocrine-responsive MBC [8]. Treatment with the 

VEX regimen showed activity, and the rate of toxicities was low. 

In our phase II study, we investigated the efficacy and toxicity of a 

metronomic VEX regimen in patients with advanced TN breast 

cancer.

Keywords
Breast cancer · Metastatic disease · Treatment strategies ·  
Metronomic

Summary
Background: Few data are available on the benefit of met-
ronomic cyclophosphamide, capecitabine, and vinorelbine 
as first-line therapy in patients with metastatic triple-nega-
tive breast cancer. Methods: This phase II study assessed 
the safety and efficacy of metronomic oral chemotherapy 
with vinorelbine 40 mg orally 3 times a week, cyclophos-
phamide 50 mg daily, and capecitabine 500 mg 3 times a 
day (VEX regimen) in untreated metastatic triple-negative 
breast cancer patients. The biopsy of the metastatic site 
had to be triple-negative, independent of the hormone re-
ceptor expression of the primary tumor. The primary end-
point was time to progression (TTP). Secondary endpoints 
included assessment of safety and clinical benefit (objec-
tive response rate plus stable disease rate at 24 weeks). 
Results: 25 patients were included, and 22 were evaluable 
for both efficacy and toxicities (median age, 66 years). Me-
dian TTP was 6.4 months (95% confidence interval 3.6–
12.6). The most common grade 1–2 toxicities were nausea, 
diarrhea, leuko-/neutropenia, and reversible liver enzyme 
alteration. Grade 3 events included hand and foot syn-
drome (9%). Conclusion: The VEX regimen demonstrated 
activity and was relatively well tolerated when given as 
first-line therapy in selected metastatic breast cancer pa-
tients with triple-negative disease.
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Patients and Methods

Patients
Eligible patients were pre- or post-menopausal women (age  18 years) 

with histologically or cytologically (cell block) proven, locally advanced (inop-

erable) or metastatic breast carcinoma, with estrogen receptor (ER) and pro-

gesterone receptor < 1% and HER2 negative or not amplified (according to 

ASCO/CAP 2013 Guidelines). The biopsy of the metastatic site had to be tri-

ple-negative independently of the hormone receptor expression of the pri-

mary tumor. All biopsies of the metastatic site were processed according to 

the IEO (European Institute of Oncology) pathological protocol, and in the 

case of import bone tissue component, decalcification procedure was per-

formed. Appropriate positive and negative controls of immunohistochemistry 

were run along with biopsies. Patients had to have measurable disease as per 

RECIST 1.1 criteria (as at least 1 lesion that can be accurately measured in at 

least 1 dimension (longest diameter to be recorded), with a diameter of 20 

mm using conventional techniques or 10 mm using spiral computed tomog-

raphy scan). In the absence of measurable disease, patients with lytic or mixed 

(lytic + sclerotic) bone lesions were also eligible. Patients could have received 

any primary and/or adjuvant therapy, including adjuvant use of capecitabine, 

methotrexate, and cyclophosphamide if this occurred at least 12 months be-

fore study entry. Patients had not received any previous treatment for meta-

static disease. Informed consent was obtained from all individual participants 

included in the study.

Study Design
In this single-arm, phase II study, patients received metronomic chemother-

apy with cyclophosphamide 50 mg daily, capecitabine 500 mg 3 times daily 

(tid), and vinorelbine 40 mg 3 times per week. The study was approved by the 

institutional ethical committee, and all procedures were in accordance with the 

ethical standards of the institutional and/or national research committee and 

the 1964 Declaration of Helsinki and its later amendments or comparable ethi-

cal standards.

Patient follow-up and monitoring was performed at monthly clinic visits 

during treatment, and radiologic evaluation was done every 12 weeks. Treat-

ment was continued in the absence of progression or relevant toxicities.

Outcomes
The primary endpoint was the rate of disease progression after 4 months of 

treatment. Secondary endpoints included the objective response rate (ORR; 

complete response + partial response) and adverse events/tolerability.

Statistical Analysis
A 4-month progression-free survival (PFS) rate of 50% was defined as a 

positive result on which to base further investigation; a 4-month PFS rate of 

25% was defined as showing that the regimen was inactive. To allow for early 

termination of the trial due to lack of efficacy, a Simon 2-stage design was used 

to test the null hypothesis that the true 4-month PFS rate was 25% versus the 

alternative hypothesis that the true 4-month PFS rate was 50%, with a 1-sided 

alpha level of 0.1 and 80% power. If 3 of the first 8 patients evaluated were 

progression-free after 4 months of treatment, an additional 13 evaluable pa-

tients could be recruited (total sample size: 21 patients). If the response rate in 

the first 8 patients was lower, the trial was to be terminated. The null hypothesis 

would be rejected if 8 patients were progression-free 4 months after treatment 

initiation in the 21 evaluable patients. The ORR was reported with the exact bi-

nomial 95% confidence interval (CI). Patient demographic and clinical charac-

teristics at baseline were analyzed using descriptive statistics. PFS was estimated 

using Kaplan-Meier estimates of the survival curves, and median time to pro-

gression (mTTP) was calculated accordingly with 95% CI values. The log rank 

test was used to assess differences in PFS between patient subgroups based on 

ER expression of the primary tumors. All analyses were performed using SAS 

software v.9.4 (SAS Institute, Cary, NC, USA).

Results

From April 2014 to February 2017, 25 patients were enrolled in 

the study, 22 of whom were evaluable for efficacy and tolerability 

(1 patient withdrew consent; 2 patients did not start the study 

treatment, 1 for clinical reasons and 1 due to patient preferences). 

The majority of patients were post-menopausal and did not have 

metastatic disease at the time of diagnosis (table 1). 17 (77%) pa-

tients underwent biopsy of metastatic sites (4 lymph node, 2 chest 

wall,1 liver, 4 bone, 5 lung, 1 soft tissue, 1 pelvis).

The 4-month PFS rate in the first 21 evaluable patients (pre-

specified sample size) was 71% (15/21), above the 50% threshold, 

allowing rejection of the null hypothesis that treatment did not 

have sufficient activity to warrant further study. In all evaluable pa-

tients, the PFS rate at 4 months was 73% (16/22). The estimated 

proportion of patients who remained progression-free at 1 year 

Table 1. Patient characteristics (n = 22 assessable patients)

Characteristics Median (range)

Age, years 66 (34–83)

n %

Menopausal status

Premenopausal  2  9

Postmenopausal 20 91

With metastatic biopsy 17 77

Metastatic status

Not visceral  5 23

Visceral  4 18

Both 13 59

Number of metastatic sites

1  8 36

2  7 32

3  6 27

4  1  5

Previous neoadjuvant therapy

None 20 91

CHT  2  9

Previous adjuvant therapy

None  4 18

CHT  8 36

HT  1  5

CHT and HT  9 41

Metastatic disease at diagnosis

No 21 95

Yes  1  5

ER status evaluated at primary tumor

Negative 13 59

Positive  9 41

TILS expression evaluated at metastatic disease

Missing  7 32

<10  7 32

≥10  8 36

CHT = Chemotherapy; ER = estrogen receptor; HT = hormonal therapy;  

TILS = tumor-infiltrating leukocytes.
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was 34% (fig.  1A). The Kaplan-Meier curve for overall survival 

(OS) is shown in figure 1B. The PFS rate at 1 year was significantly 

higher in patients with ER-positive versus ER-negative tumors (65 

vs. 15%; p = 0.046) (fig. 2).

The ORR was 27%, and the clinical benefit rate was 50%. mTTP 

and time to death were 6.4 and 18.4 months, respectively (table 2).

Fig. 1. Kaplan-Meier curves for a progression-free and b overall survival.

Fig. 2. Progression-free survival in patient subgroups based on estrogen re-

ceptor status of the primary tumor.

Table 2. Efficacy results

Variable Evaluable patients  

(n = 22)

Best response, n (%)

Complete response  1 (5)

Partial response  5 (23)

Stable diseasea  8 (36)

Progressive disease  8 (36)

Objective response rate, % (95% CI) 27 (11–50)

Clinical benefit rateb, % (95% CI) 50 (28–72)

Time to progression, months (median (95% CI))  6.4 (3.6–12.6)

Time to death, months (median (95% CI)) 18.4 (13.4–31.4)

a25 patients had stable disease at ≥24 weeks.
bComplete response + partial response + stable disease at ≥24 weeks.

CI = Confidence interval.

Table 3. Main adverse events

Adverse event Number of patients (n = 22)

all grades ≥grade 3

Alopecia  2 0

Anemia  4 0

Asthenia  8 0

Constipation  5 0

Diarrhea 10 0

Fever  2 0

Hand-foot syndrome  8 2

Hyperbilirubinemia  1 0

Hypertension  0 0

Leukopenia 11 1

Mucositis  3 0

Nausea 14 0

Neutropenia 10 1

Pain  4 0

Paresthesia  3 0

Serious adverse event 2a

Thrombocytopenia  0 0

Transaminitis 10 1

Vascular  0 0

Vomiting  3 0

a1 pulmonary embolism and 1 acute cholecystitis.
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The most common adverse events of any grade were nausea, di-

arrhea, neutropenia, elevated transaminase levels, asthenia, and 

hand-foot syndrome; grade   3 adverse events were uncommon 

(table 3). 2 serious adverse events occurred: 1 pulmonary embolism 

and 1 acute cholecystitis.

Discussion

In this study, metronomic VEX therapy was associated with ad-

equate response and manageable toxicities in MBC patients with 

TN disease.

Various chemotherapy regimens can be used for the first-line 

treatment of HER2-negative MBC, including taxanes which are 

among the most active agents in breast cancer therapy. However, 

all patients will eventually progress, with a mTTP of 5–7 months 

[8–11]. In this setting, palliation is the primary goal of treatment, 

and life expectancy is limited. Therefore, toxicity and quality of life 

are important factors to consider when deciding on therapeutic 

agents and schedules. In particular, alternative chemotherapy 

schedules, dosages, and modalities could be explored in an attempt 

to improve the tolerability of prolonged chemotherapy administra-

tion while maintaining and possibly improving treatment efficacy.

In the metastatic setting, the majority of data on the use of met-

ronomic chemotherapy in TN patients comes from studies in heav-

ily pretreated patients [12–14]. As a result, study populations were 

often very heterogeneous in terms of the number and type of prior 

therapies, and the metronomic schedules were also highly varied. 

Recently, Cazzaniga et al. [15] investigated the activity of metro-

nomic capecitabine and vinorelbine as first-line therapy in TN 

MBC (n = 13). The VEX regimen adds cyclophosphamide to the 

capecitabine/vinorelbine combination. The rationale for this is that 

TN breast cancer may have histopathologic features, including 

genomic instability and DNA repair, that could increase the sensi-

tivity to DNA-alkylating agents [16]. The role of alkylating agents 

in this setting is supported by the results of the IBCSG 22–00 study 

in the adjuvant setting. In this trial, patients with TN node-positive 

disease assigned to metronomic cyclophosphamide and metho-

trexate as maintenance therapy had relative improvements in dis-

ease-free survival compared with those not randomized to metro-

nomic therapy [17].

The role of capecitabine in TN breast cancer has been contro-

versial. Capecitabine is an oral chemotherapeutic agent that is con-

verted to fluorouracil, particularly within tumor cells. The daily 

administration of capecitabine mimics the activity of a continuous 

intravenous infusion of fluorouracil, which has been shown to 

exert antiangiogenic activity in preclinical models [18]. In 1 study, 

intermittent or continuous administration of capecitabine was 

compared with classical cyclophosphamide, methotrexate, and 

fluorouracil (CMF) as first-line chemotherapy in women with ad-

vanced breast cancer. PFS was similar in women receiving capecit-

abine or CMF, and OS was longer in the capecitabine group. The 

results were consistent across all relevant clinical subgroups, al-

though HER2 and ER status were often unknown [19]. In contrast, 

another study found that standard adjuvant chemotherapy (classi-

cal CMF or doxorubicin/cyclophosphamide (AC)) was superior to 

capecitabine in older patients, and the benefit was pronounced in 

those with hormone receptor-negative breast cancer [20]. Recently, 

it was reported that adjuvant capecitabine (1,250 mg/m2 tid weeks 

1 and 2 of a 3-week cycle for 6 or 8 cycles) improved outcome in 

breast cancer patients who did not achieve pathologic complete re-

sponse after neoadjuvant chemotherapy [21]. In the subgroup of 

patients with TN disease, the DFS rate was 69% in the capecitabine 

group compared with 56% in the control group [21]. This suggests 

that capecitabine should be further investigated in TN breast 

cancer.

In our study, VEX therapy showed acceptable activity and had a 

good tolerability profile in patients with TN MBC. In addition, the 

oral route of administration makes this combination suitable for a 

substantial subgroup of patients not suitable for intensive first-line 

chemotherapy. The median age of patients enrolled in our study 

was 66 years. Elderly patients often have comorbidities and are 

generally not included in clinical trials of new agents. Another at-

tractive feature of the VEX regimen is the frequency of follow-up 

visits (monthly in an ambulatory setting), which could contribute 

to a better quality of life for the patients and reduce costs for the 

healthcare system. The International Society of Geriatric Oncology 

(SIOG) recommends that, due to its toxicity profile and reasonable 

efficacy, metronomic therapy represents a treatment option for 

older patients with several different tumor types who are unsuited 

to or refuse standard chemotherapy [22]. In particular, although 

metronomic VEX is a poly-chemotherapy regimen, it is not associ-

ated with increased toxicity. Another strength of the proposed reg-

imen is the fact that most drugs included in the VEX combination 

are available as low-cost generic equivalents.

We found that TTP was longer in patients with hormone recep-

tor-positive primary tumors. Notably, the TTP for this group is 

quite similar to that expected for ER-positive MBC patients. Breast 

cancer is a heterogeneous disease, and tumor biopsies may not 

fully represent the metastatic illness in all cases. Discrepancy in re-

ceptor status between the primary tumor and metastatic site is a 

widely described phenomenon for which investigators have pro-

posed several explanations. Pre-analytical limitations can be due to 

limited reproducibility of the immunohistochemical assay because 

of over-fixation, and decalcification could lower the ER immuno-

histochemistry results; also, the inherent sampling bias of biopsy 

procedures (specifically in the case of heterogeneous expression of 

receptors) or a true switch in the biology of the disease should be 

taken into account in the evaluation of the metastatic receptors sta-

tus. In the current series, more than half of the discrepant cases had 

a bone biopsy. There is emerging evidence that tumor receptor sta-

tus may change over the natural course of the disease [23, 24]. 

However, as suggested in the American Society of Clinical Oncol-

ogy (ASCO) guidelines, recurrent disease should be biopsied 

whenever feasible for the determination of tumor ER and HER2 

status, because these markers guide therapy for metastatic disease 

[25].
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Conclusion

The metronomic VEX regimen was effective and well tolerated 

as first-line therapy for TN MBC. Despite the relatively small num-

ber of patients, we suggest that metronomic VEX therapy deserves 

further investigation in selected patients who do not have exten-

sive, rapidly progressing, or life-threatening visceral disease and in 

those who have significant comorbidities or require less intensive 

treatment.
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